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Imagine  a  crystalline  world  of  tiny,  discrete  "cells",  each  knowing  only  whal 
its  nearest  neighbors  do*  Each  volume  of  space  contains  only  a  finite  avnounl 
of  information,  because  space  and  time  come  in  discrete  units.  In  such  a 
universe.  We'll  construct  analogs  of  particles^and  fields  —  and  ask  what  it 
Would  mean  for  these  to  satisfy  constraints  like  conservation  of  momentum. 

In  each  case  classical  mechanics  will  break  down  --  on  scales  both  small  and 
large,  and  strange  phenomena  emerge:  a  maximal  velocity,  a  slowing 


20.  Ynternal  clocks,  a  bound  on  simultaneous  measurement,  and  quantum-like 
effects  In  very  weak,  or  Intense  fields. 

This  fantasy  about  conservation  in  cellular  arrays  was  inspired  by  this  first 
conference  on  computation  and  physics,  a  subject  dettined  to  produce  profound 
and  powerful  theories.  I  wish  this  essay  could  include  one  such;  alas,  it 
only  portrays  images  of  what  such  theories  might  be  like.  The  "cellular  array" 
and  Von  Neumann’s  work  on  self -producing  machines.  This  essay  exploits  many 
unpublished  ideas  I  got  from  Edward  Fredkin.  The  ideas  about  field  and 
particle  are  original;  Richard  Feynman  persuaded  me  to  consider  fields  instead 
of  forces,  but  is  not  responsible  for  my  compromise  on  potential  surfaces. 

I  also  thank  Danny  Hi 1 1  is  and  Richard  Stallman  for  other  ideas. 


m . 


I 


rV 

r 


MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 
ARTIFICIAL  INTELLIGENCE  LABORATORY 


A.I.  Memo  No.  647 


A««Mtilfll 


NATURE  ABHORS  AN  EMPTY  VACUUM 
Marvin  Minsky 


Aeoeaaton  Kor 
MT!S  CHA*  I 

Drii*  tah  ^ 

Uluuuiounct'd 
Just  If  lent  i  ui. 

•y 

DlatrtLut  la,/ 
A*etl®tii  it. 

Av®  I  i 

pm  *p®«|.A 


ABSTRACT:  Imagine  a 
neighbors  da  Each  volume  of  span 
come  in  discrete  units.  In  wch  a 
would  mean  Ibr  theta  to  aaMniy 
will  break  down  --  on  acali 
slow  ing  of  inttmal  docks,  a 
interne  fields 


Me  (dan  m  -«o 


This  fkmaa y  thou 
phyhq,  >  wkjoci 
•udi;  ah*.  il  only 
already  ia  MKh 


lc%hwln|>  SaiftfH  hi  ifet  UfeauMn  '  Mhd  ^  *  <Nb»  4 

Njttil  Nwriali  aahi  (Mkc  nf  NWM  **  *  tt*l 


1 


Marvin  Minsky 


1=0  •  •  •  1 

1  •  •  •  1 

2  •  •  •  1 

3  •  •  •  1 


4 

5 

t 

7 

I 

9 


■  3  •  Nature  Abhors  An  I  Imply  Vacuum 


1  1  1  P  •  *  •  *  • 

1  1  P  P . 

1  p  p  p  •  •  •  •  • 

PPPP***** 

PPPP***** 

QPPP . 

i  g  p  p . 

1  i  q  p . 

i  i  l  g  •  •  •  •  • 

l  i  i  i  P  •  •  •  • 


M/I  SN|  i  mu  ISK7N  In  put  rumple  the  u/e  of  4  packet  is  inverse  10  its  speed  In  general.  there  is  an 
•*>v4ca«  xciaawi  heiwo.-n  *tc  amount  of  information  in  any  pw.kc'1  and  the  volume  of  dial  packet!  And, 
>1  it  » i|  v  pnnc^ak  h  *  not  V'  11 1  iK h  a  parameter  s  .alue  that  deiciitunev  packet  si/c  as  its 
iIn  mimtri  if  tom  ot  m formal n at  needed  speedy  H  (  3) 


*w  matNoi  , arrtnJ  m  a  packet  were  Hftomallv  encoded'  Hi  accord  with  Shannons  information 
■nwt«  Jm  ■■  tot  packet  1  mm  mumM  depend  «a;  i#k  Him  1  logarithm  of  Ms  picxision  IVien  why  is  there  no 
»*aik*  a  item  ntortf  »  pnmipte'  die  It  .onpiton  iha(  ithisi  physical  information  (particularly  M 
*-«»■  KmkJ  <■*'  m  Ikaaa  total  m  Uk  lev.  iIoim  /Liu  loim  I  atci  well  aiguc  that  pjrtxlcs  with 
..x  efv-ar  •  .  4k  fader f  (4) 


+  t  *  W*s  n  IS  t  Mm  *r  p#k-*c  af  *w  -tf.  \x  <:  (».«  I  *fUcf  HHuOS  dkllhm  d  rogtlUr  UUKC  IfHHI 

4-«  a  «>  in  «*  «A«  Hum k«)  Vutfc  »f 1  i  h  «  i  •(  (k  1  tv*  i)>  s44»fh(  1H1  «ifi>  Urge  enough 

-  m  k  •  **  tr 4mm  f  fcfM»  .4  lltH  41*1  p.nu  kM  di'uili  friMti  Uu  i  guUrHv  of 

.  *<  P* 


V»*V  v  *****  •  Ilf  '  s 

«  tH|t  *t  p  r^tkfNr  r  ti  4k  v 

U  >  d 

><*  4  H«  **#♦  I  r»  <M|*vnd 


I  U>dt  f  1  *'4Mi  iillh  (  s(fi  l‘l1  'it  -iru  toll  pC f 

-I  *  lit  Ihc  S|  *  I.  ‘  <  »f  I  Ifjll  li  |V  t  U» 

*'  Mnflhl  15’.  *  ll  '  I*  '  sU(t  iro  I  VH  tghhof 

*  #*;  fU  »*  kl’HCfOt*  O'  *'C  1*0  H  Hghtyccd 

•  »•  -V  ♦  rj  a  pkr  44*11  V  *  t  t  f?ont  will  m  vff 

fT>pl<  if  viiitrN  4t<  three 
j*  i\«4  oh  <*n  i  rtfkpuit  ernnagh  lu 


.  a*-  -*■  ««-*■  an  » *■  **  *  •  )  «  I 

r-^  d*.  *4*  *4i  MM 

^  -  -4k  '  w  4r«4  hm  -- ♦  ^****  * 

-  :  "HP'  '»  ^  4k,  fsa»  |J'  ^ 

^  -^-=a>.  av  -  tv 

W  *<■.;*•  -*SH,  -r  p-  tv 

-  » 

:  o  r-  * 


*  ■  a  «  1  I  siikt  ft  if  ihri  iMgh  *mm 

•  fh  p  »  ft  k-  t  r*  1  >  Jl  (KiCI  k(N  Wh 

*  ^  i4  x  It  *4  t  N  )  N  'tmioh  nit  Hu  4au 

effH  1  ika  i  'Iw  n.io  ^  M  Ihctrlhrc  4lr 

a  «  y,  »e,  hi  S  ' 

»  i  '  «t  jitik  ».  m  f.  MfHA  ltd 

•  »  %  v  ill 

*  *  tr  *MVi v  fM 

-  i  ips  ft* 


Marvin  Minsky 


Nature  Abhors  An  Empty  V  acuum 


•  4  • 


ANGLE  and  APERTURE.  In  real  optics  it  takes  twice  the  aperture,  for  any  given  wavelength,  to  halve  a 
beam's  divergence  -  while  "optimal”  encoding  of  the  angle  should  only  need  a  single  extra  "bu"  --  another 
hint  that  nature  uses  "Base  1”  codes  for  photons  --  perhaps  because  only  Basel  codes  could  let  a  discrete 
mechanism  "add"  fast  enough  to  make  things  linear  at  lightspccd.  {6}. 

FREQUENCY  AND  TIME.  The  angular  precision  of  a  real  photon  depends  only  on  how  many  wavelengths 
cross  the  aperture.  So  one  can  keep  a  beam's  shape  fixed  while  shrinking  aperture  and  wavelength  both  •• 
and  that  must  mean  the  wavelength  information  must  be  stretching  longitudinally  --  just  as  implied  by  the 
energy  time  form  of  Heisenberg’s  principle.  {7). 


II. . SPHERICAL  SYMMETRY 

No  regular  lattice  is  invariant  under  rotation.  Euclidean  or  Lorentz,  since  it  needs  different  information  to 
move  along  different  axes  so,  just  as  waves  in  crystals  show  Bragg  diffraction,  "discrete  vacuums"  must  show 
angular  anisotropies  (that  might  reveal  themselves  on  some  small  scale  of  size  or  extreme  energy).  But  we 
won’t  touch  such  problems  here  -■  because  I  feel  they've  deflected  almost  everyone  from  more  important, 
finite  things!  Physics  has  to  face  some  day  those  problems  anyway  --  of  finite  geodesic,  differential,  and 
isotropy .  because  (I’ll  argue)  they  already  hirk  beneath  the  surface  of  our  modern  theories.  But  here  our  main 
concern  is  seeing  how  a  discrete  world  could  have  some  other  ordinary  properties  on  ordinary  scales.  We’ll 
just  note  several  possibilities.  {8}. 

LIQUID  LATTICE  MODEL.  One  could  imagine  cell  connections  so  randomly  irregular  that,  in  the  large, 
the  space  is  isotropic  --  like  water,  which  is  almost  crystalline  from  each  atom  to  the  next,  but  isotropic  on  the 
larger  scale  Hut  then,  to  build  our  packets  into  such  a  world,  we'd  have  to  find  transition  rules  insensitive  to 
local  cell -connection  fluctuations. 

CONTINUOUS  CREATION.  Instead  of  starting  with  a  liquid  vacuum,  we  could  randomly  insert  new  cells 
from  umc  to  time.  This  would  cool  and  redshift  cosmically  old  photons  (by  lengthening  their  unary 
frequency  counters)  and  uniformly  expand  the  universe.  But,  again,  it  would  be  hard  to  design  things  to 
survive  such  changes  without  changing. 

SPHERICAL  PROPAGATION.  So  little  is  known  about  approximating  isotropic  propagation  in  regular 
tames  that  wc  can  only  pose  some  problems: 

1  Drscnbe  a  cellular  array  m  which  beat  disturbances  cause  asymptotically  spherical  expanding  wavefronts.  I 
don’t  think  much  would  come  from  seeking  this  in  finite  difference  equations,  because  one  must  bound  the 
variables  One  can  invent  constructions  that  slowly  grow  increasingly  spherical  polygons  --  but  a  solution  of 
physical  interest  must  propagate  at  Hghtspccd  The  next  section  suggests  doing  this  with  an  "exchange 
panicle  mechanism.  I  suspect  some  such  technique  may  be  necessary  --  physically  to  transfer  information 
•t  •  one  place  to  another,  to  maintain  kvng-iangc  metric  constraints. 

2  Describe  a  cellular  array  in  w Inch  "particles "  e  sen  inverse  sifuare  forces  on  one  another,  with  only  light- speed 
drlas ■  Such  issues  concerned  physics  long  before  rclauvity  but  "ether"  theorists  never  found  good  solutions 
One  idea  w.o  fot  particles  continuously  to  emit  force  waves  tli.it  increment  other  particles'  momenta.  But 
then  the  in  fur  m.ition  content  of  such  waves  would  grow  as  ihcir  intensities  decay  -  and  that  would  be 
muwvp.iiihh  » ills  m\  bound  on  information  dcnstiv  ( 1(1} 

MH-’i  I  S  I  Ml  SMS  M.tlkin:  c  i,  li  k  1 1. nr  .hovers  of  randomly  oiicnted  "force  pellets"  solves  both 
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inverse square  and  weak  field  information  problems.  Hut  it  leases  a  probable  equivalent  problem  of  how 
each  particle  could  approximate  a  uniform  spherical  distribution  of  Us  pellets.  Another  variation  fills  the 
universe  with  a  gas  of  light-speed  momentum  pellets  whose  "shadows"  cause  inverse-square  fortes.  This 
transfers  the  isotropy  burden  to  the  universe  as  a  whole.  Unfortunately  (according  to  f-'eynman  (Kef.  I|)  this 
too  quickly  drags  everything  to  rest  within  the  distinguished  inertial  frame  of  that  isotropy.  {8}. 

CURVATURE.  Suppose  a  spherical  force  field  were  known  to  have  emerged  from  a  "unit  charge".  Now 
represent  that  field  by  marking  space  itself  as  a  family  of  cquipotcnlial  surfaces  These  markings  need  no 
further  local  information  at  all.  because  (he  field  intensity  at  any  point  can  be  determined  just  from  local 
curvature  (  he  trouble  is.  for  such  a  field  to  act  on  any  particle,  the  panicle  will  have  to  to  find  that  curvature 
-  and  when  that  curvature  is  very  small,  the  panicle  must  probe  great  distances.  How,  then,  could  any 
panicle  respond  as  though  the  interaction  works  at  lightspeed?  We  have  an  answer,  shonly. 


III. . FIELDS 

The  idea  of  field  abandons  that  of  force,  and  only  asks  the  vacuum  to  constrain  some  local  quantity.  This 
promises  to  reduce  information  density,  just  as  a  single  differential  equation  replaces  infinite  summations  in 
Huyghen's  principle.  It  might  seem  natural  to  start  applying  difference  equations  (instead  of  the  partial 
differential  equation  of  physics)  to  discrete  quantities  (instead  of  continuous  vector  fields).  But  that  won’t 
work  for  us.  because  it  needs  precision  beyond  bound  -  which  would  make  the  compulations  take  so  long 
thered  be  no  link  between  causality  and  speed  of  light.  {9}. 

"Acuon  at  a  distance"  was  solved  by  fields  -*  by  writing  nature’s  laws  in  differential  form.  But  what  of  "action 
at  a  differential  distance"?  Modern  theories  still  assume  that  nature  can  use  methods  that  arc  infinitely  rapid 
and  precise.  (When  wave-equations  specify  relations  between  partial  derivatives,  how  can  the  vacuum 
measure  and  compute  those  "informational  infinities".)  To  be  sure,  a  discrete  theory  asks  its  cells  to  acts  upon 
their  neighbors.  But  there,  where  distance  is  itself  defined  \u  terms  of  "that  which  interacts”  it's  really  quite  a 
different  kind  of  question. 

We've  all  become  so  comfortable  with  "real"  numbers  that  we’ve  come  to  think  they’re  really  real  --  and  then 
we  grumble  when  our  theories  give  us  series  that  make  us  pick  and  choose  which  terms  to  keep  or  throw 
away!  I'll  argue  that  the  finite  view  might  show  us  how  to  make  such  choices.  But  let  us  set  philosophy  aside 
and  try  to  make  mechanics  come  directly  from  the  field,  avoiding  all  derivatives  and  real  numbers.  We’ll  try  a 
scheme  in  which  the  state-change  laws  control  a  family  of  surface,  to  operate  directly  on  the  field's  ’’shape”. 

MECHANISM  I:  FIELD  AS  SURFACE  WITH  EXCHANGE  FORCE 

Consider  now  a  classical  potential  field.  To  represent  the  field,  we’ll  simply  "mark"  those  vacuum  cells  that 
happen  to  be  near  some  closely-spaced  potentials  {11}.  Then  to  obtain  mechanics,  the  structure  needs  a  way 
to  act  on  charge:  each  time  a  particle  crosses  a  surface  it  adds,  to  hi  kinetic  energy,  a  unit  vector  normal  to  that 
surface  This 

1 1)  eliminates  the  need  for  a  local  gradient  computation 
<n>  simplifies  tnici  tciions  for  the  panicle 
(hi)  permits  light  speed  reactions  on  the  field 


How  could  a  p.uikle  compute  th.it  miiI.hc-  nmiml  wiiIumii  having  to  pan*-  lot  l.itcr. il  c-vploialnm?  A  trick' 
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proper  trajectory!  'ITtis  is  because  each  surface,  in  this  discrete  space,  is  locally  composed  of  polygons  -•  that 
separately  supply  components  as  the  particle  goes  through! 


Each  surface  micro-polygon  is  normal  to  a  lattice  axis,  so  the  panicle  need  only  add  a  unit  scalar  constant  to 
its  kinetic  energy  component  along  that  axis.  This  sol\ cs  the  particle's  derivative  problcrn  {  12).  But  ho*  can 
the  field  maintain  those  surfaces?  Some  son  of  local  "force"  must  work  to  move  them  in  accord  with  the 
l^aplacian, 

A(^\  +  jL/d4>\  + 

dx\dx/  dy\dy/  dz\dz/ 

so  some  physical  activity  must  represent  the  information  in  those  derivatives.  We  now  propose  only  a  sketchy 
"approach"  to  this,  hoping  the  reader  won’t  be  upset  when  left  in  hopeless  tangles  of  loose  ends.  We’ll  fill  the 
vacuum  with  a  gas  of  light-speed  "exchange"  photons  --  call  them  "ghotons"  --  that  bounce  between,  and 
push  apart  adjacent  surfaces.  A  perfect  gas  won’t  do.  because  the  "pressure”  must  depend  on  local  distance 
between  surfaces  --  so  we'll  give  every  X-surface  element  an  X-ghoton.  to  bounce  between  that  surface  and 
the  rext,  and  same  for  Y  and  /..  (To  ensure  a  single  ghoton  for  each  oriented  surface  element  each  element 
emus  ghotons  continually  --  but  returning  ones  annihilate  the  ones  they  meet.) 

live  field  iniensitv  component-,  l  x  d+/dx.  etc.,  ate  inverse  to  the  axial  piojeclions  of  the  intcrsurface 
diMaiH  v.  lienee  e.ielt  x  surl.'tc  element  sees  one  retlei  led  photon  cat  It  ?/l  x  moments  lliercfoie  the 
imp.k  t  li<  tpictK  \  is  pio|<ottion.d  to  l  x  -  and  the  "vet lor  piesMtrc"  is  pinpoiiion.il  ttt  the  lie!  I  s  piadicnt  So 
lire  different  c  horn  both  sides  is 
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dxVdx/  dx 

This  shows  how  differentials  can  emerge,  in  spite  of  local  finitcncss,  by  using  "exchange  forces".  My  intuition 
is  that  even  if  mechanics  were  continuous  -  but  still  had  information  limitations,  some  process  like 
"exchange"  would  still  be  needed.  (ITic  extra  factor  d<t>/dx  could  be  taken  out,  by  ghoton-counting  tricks, 
but  actually  it  cancels  anyway  when  Maxwells  scalar  equation  is  re-written  in  terms  of  surface  motion  rather 
than  potential  change  at  a  point  Would  this  reveal  a  fata)  flaw  because,  when  weak  fields  change,  the  surfaces 
must  move  faster  than  light?) 

To  realize  the  wave  equation,  the  ghotons  must  cross-interact  so  as  make  the  Laplacian  sum  accelerate  the 
potential  -  but  1  don't  see  exactly  how  to  do  this.  If  each  surface  of  an  analogous  family  of  continuous 
surfaces  were  to  emit  ghotons  in  proportion  to  area,  the  pressures  would  be  in  equilibrium  when  the 
intcrsurfacc  spacings  are  just  like  those  of  a  Coulomb  field  with  the  same  curvature.  But  it  looks  hard  to  make 
a  discrete  version  of  that,  and  I’ll  only  mention  some  of  the  problems. 

The  wave  equation’s  second  time  derivative  means  velocity  must  be  represented,  not  just  position  ••  we’d 
need  to,  anyway,  for  representing  field  momentum.  Ihcrc's  room  enough  because  both  gas  and  surface 
elements  arc  one-dimensional  (velocity  could  be  coded  into  ghotontrains).  We  also  need  machinery  to  keep 
the  surfaces  smooth  -  perhaps  by  some  exchange  inside  the  surfaces.  Surely  the  whole  thing  must  be  done 
with  a  vector  potential.  Best  of  all  would  be  to  find  a  way  to  do  without  those  surfaces  at  all,  to  leave  the  field 
as  nothing  but  a  cloud  of  interacting  ghotons  -  from  which  particles  could  directly  draw  momentum,  as 
Robert  Forward  pointed  out  to  me.  {13}. 

Given  so  many  problems,  is  the  subject  worth  pursuit?  1  think  it  is  because  our  present  theories  have  such 
weak  foundations.  We  tend  to  view  (for  instance)  terms  of  Feynman  diagrams  as  mere  approximations  - 
because  we  see  them  as  low-order  terms  of  power  scries.  Our  finite  information  theory'  hints,  instead,  that 
those  exchange  devices  are  what’s  really  real  -  because  there  must  be  something  physical  to  transfer 
information.  And  then  (oh,  joy)  those  scary  analytic  integrals  become  the  artifacts  -  originating  from  the 
error  of  continuous  approximation  to  something  that  by  nature  is  discrete! 

MECHANISM  2:  INTERACTIONS  BETWEEN  DISPERSED  QUANTITIES 

How  could  two  packets  ever  interact,  if  information  is  dispersed  in  space?  Consider  a  collision  between  two 
bodies  A  and  B  whose  momentum  information  is  very  precisely  specified  -  hence  very  large  in  <\/c.  In 
classical  physics  momentum  is  itself  distributed,  and  in  quantum  theory  its  probability  amplitude.  But  in  a 
discrete  theory  wh.it  is  dispersed  is  neither  momentum  itself  -  nor  its  probability  -  but  the  information  that 
defines  it  Ibis  gives  the  problem  a  different  character,  one  of  access  to  information.  What  happens  when  "A 
reaches  B",  if  some  of  B’s  momentum  information  lies  halfway  across  the  galaxy? 

Jf  A  must  "know"  the  farthest  fringe  of  B’s  momentum-data,  the  interaction  must  be  delayed  -  confirming 
neither  classical  nor  quantum  expectation.  It  seems  to  me  there’s  just  one  way  a  discrete  vacuum  could 
approximate  a  classical  collision;  by  "estimating'’  the  dispersed  particles’  momenta.  In  order  that  they 
interact  at  all.  the  panicles  must  work  with  less  than  alt  ihc  information  classically  required.  So  now  wc'II 
sketch  a  scheme  for  prompt,  conservative  interaction  ih  it  doesn’t  achieve  all  its  goals,  hue  illustrates  again 
how  discrete  models  lead  to  quantum  like  phenomena  We  shall  assume  that  if  A  and  I)  interact  it  is  because 

?a.  At  Sonic  sp  ice  titiK  1<m  in  an  "event"  m  ulntb  ihc  nn  oniing  pantries’  momenta  arc 

"istmiatid".  Mid  the  «i,u  ■Min:1  iikmh  ni.»  den  u  nn  din  ,ippl\ inp  <  I.ismi  at  rule  to  ilu  cMimitov 
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Because  of  esiimalion  errors,  the  scattered  momentum  sums  need  not  exactly  equal  the  initial  sums,  so  we 
need  an  "error  conservation"  mechanism: 

2b.  Each  scattered  particle  leaves  a  "receipt"  with  the  other,  recording  how  much  momentum  was 
actually  removed.  The  "event  locations"  of  (2a)  are  the  receipts  from  previous  interactions,  because 
they  contain  information  needed  to  estimate  the  new  "real"  momenta. 

We  shall  assume  further  that 

2c.  The  new  trajectories  arc  determined  only  by  the  "estimates":  the  receipts  go  along  invisibly  until 
combined  into  subsequent  interactions. 

It  might  well  seem  more  logical  for  "receipt"  momentum  to  continuously  cancel,  between  interactions,  against 
"observable"  momentum.  However  that  would  violate  least  action,  producing  interference  patterns 
corresponding  to  curved  trajectories. 

If  we  combine  mechanics  in  this  way  with  unobserv  able  receipts,  deterministic  systems  show  some  qualitative 
features  that  resemble  quantum,  mixed-state  systems.  Thus  one  can  always  measure  the  "real"  momentum  in 
Event  1  by  the  location  of  Event  2.  But  one  cannot  yet  "observe"  the  "receipt"  momentum  of  Event  1, 
because  it  is  not  until  Event  2  that  it  first  combines  with  any  "real"  momentum  -*  which  cannot  be  ’observed" 
until  some  subsequent  Event  3  ••  by  which  time  it  is  already  mixed  with  another  estimate!  And  so  on.  One 
can  never  simultaneous  measure  both  estimates  and  receipts,  though  all  adds  up  eventually.  And  all  this 
involves  no  probabilities  at  all,  just  temporary  inaccessibility  of  information! 

Estimates  and  receipts  also  permit  tunneling  -  interactions  that  involve  more  momentum  than  available.  All 
is  repaid  when  receipts  eventually  return  their  information  in  new  estimates,  but  every  particle  at  every 
moment  carries  some  invisible  receipts  not  measured  yet  The  model  can  even  show  some  qualitative  features 
of  quantum  interference;  if  ever  two  particles  were  involved  in  the  same  interaction,  they  can  share  identical 
receipt  information  that  gives  them  some  coherent,  "same  random"  properties  in  later  imcractiors  Perhaps 
any  information-limited  mechanism  for  conservation  and  fast  interaction  needs  some  such  two  p  tn  scheme 

Could  anything  like  this  yield  "correct"  quantum  mechanics *  Almost  surely  not.  since  that  woulJ  solve  the 
"hidden  variable"  problem  -*  which  probabl>  has  no  solution  under  lightspced  limitations  (Without  that 
limitation,  one  might  imagine  ways  to  make  the  invisible  receipts  diffuse  eiu  dually  between  i  neracuom 
gathering  information:  and  using  that  to  control  the  distribution  of  events  lint  that  exploration  would  have 
to  proceed  arbitrarily  much  faster  than  light  and  it  would  not  help  to  appeal  to  an  ensemble  of  similar 
situations,  since  some  needed  information  hcv  outside  the  relevant  light-cone  )  it  s  hard  ui  »osc  causality  hut 
better  to  face  facts  { 14). 

M (  HAN  ISM  l  PAR  HCLtS  AS  PROlHi  TS  Of  I  Mil  M  SAW  RATION 

Why  do  wc  haw  particles  with  rest  mass'*  I’ll  argue  that  they  rc  needed  to  conserve  fields1  Wr  have  supposed 
that  fields  use  Ra\r I  in  order  to  he  fast  Wh.n  happens  when  j  field  £ci*>  v*  intense  that  tin  >ur  surface 
model)  neighbor  planes  arc  forced  together'*  Musi  then  informal i«-n  he  destroyed0  No  hot  au>c  there  >  * 
loophole  we  can  provide  that  at  some  certain  threshold  «>t  inunsil,  n.,  uum  v  m  ruU  *  ban  i  dungs  u 
a  uhIiic  th  it  is  mure  comp.Kl  eg  lias*  ?  I  hal  nori  sound  sill .  h*  '>  h  ^  nil  mi.’i.M.i*  » 


Man  in  Minsky 


-9- 


Nature  Abhors  An  limply  \Wuum 


a 


To  be  concrete,  we  go  back  to  that  field-surface  representation,  and  propose  that:  when  field' surfaces  are 
forced  into  contact \  they  are  replaced  ~  in  pieces  -  by  "Basel  abbreviations".  Now.  this  “abbreviation" 
process  must  be  almost  instantaneous,  or  else  the  threatened  information  will  be  permanently  lost.  But 
then  the  lightspced  limitation  means  that  this  “abbreviation”  can't  depend  on  much!  So  we  “deduce"  that 

3a.  Each  "abbreviation"  replaces  a  standard  unit  of  field 

Since  the  locally  compressed  surfaces  arc  nearly  parallel,  we  need  only  to  record  a  single  spatial  oncniauon: 

3b.  Each  "abbreviation" contains  a  single  unit  direction  vector. 

Perhaps  this  is  why  “spin”  comes  in  absolutely  standard  units  The  potential  energy  of  the  compressed  field 
must  also  be  recorded  -  and  (3a)  means  that  its  magnitude  is  a  fixed  “quantum” 

3c.  "Abbreviations"  carry  fixed  amounts  of  potential  energy. 

The  surfaces  of  squashed,  time-dependent,  fields  also  contain  momentum  to  be  conserved 

3d.  Each  "abbreviation"  carries  a  (variable)  momentum  vector. 

If  the  energy  encoded  tn  these  “abbreviations”  is  ever  to  interact  again,  or  even  to  decay  back  to  field,  they’ll 
need  to  be  able  to  do  some  computation,  hence 

3c.  "Abbreviations"  must  mo\c  at  less  than  hghtspeed 

These  properties  so  unmistakably  resemble  particles  with  rest  mass  that  wc  conjecture 

Particles  with  rest  mass  are  compressed  dense  I  >- encoded  representations  of  fragments  of  unary*  toded 
fields 

Since  the  rest  mass  corresponds  to  the  potential  energy  drawn  from  the  field  m  (3c).  the  velocity  of  (3e)  « 
determined  by  the  momentum  drawn  from  the  field  in  (3d)  Thus  we  “deduce*  (without  relativity*)  that  if 
energy  and  momentum  are  conserved  throughout  then 

If  A  pan k !e  i  rest  man  is  proportion1  to  the  potential  rne*g\  of  the  field  consumed  to  create  it 


V  in  this  fantasy  it  is  purefi  to  preserve  energy  and  momentum  of  ci/o  ig  fields  that  *c  must  suffer  the 
^nation  of  part*  les  because  .on  version  i«  more  compau  in  formal  ion  code  in  die  only  way  to  conserve 
information  fhc  resulting  abbreviation*/  must  move  si>w)v  <md  act  dnwtv  fhcy  must  act  strangely  too. 
because  we  cannot  keep  re  using  that  stratagem  of  citrndmc  i  i>nserv atmn  b>  re  coding  f  o  be  sure  there  are 
manv  cntotimgv  intermediate  between  Base  1  and  Kim  th<  Utter  arc  the  most  compact  possiWe  codes 
fhc  the  encoding  approaches  that  ullimait  den  .n *  thi  fou  r  *ayN  remain  fc vr  different  particles  lo 

*#ure  the  wm<  r  so  *e  must  scr  either  Mrongc'  <. »  luvnm  rules  <«r  more  interactions  in  which  particle 
«h  nones  a?  *  hanged  of  k>sj  «.  rut i-h  V.  •«  v  n.  ^  it  k  j  ,i  qu.dtialr*  el*  Uvat 

\g  pjrht  ii  y  mill I  w  t  0>*>n  ti>rrr l 
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Out  road 

ih  Panic  Ir  creation  cannot  const  nr  all  of  a  fit  Id's  topology. 

I  his  is  because  a  Base  2  particle  moves  slower  than  ns  field  and  takes  time  u*  decay'  Ihcuf  u  • 
returns  its  information  to  us  field  this  will  happen  at  some  reniotc  "wrong*  plate  s,  tm  gi- -na. 
configuration  of  the  field  will  have  been  changed  We  speculate  next  that  properties  like  ihjryi  tm  -urn  u 
imperfect  attempts  to  conserve  the  originating  field’s  topolog). 

\fl  (H.iXJSAt  4;  COXS!  R\  AllOS  AM)  lOpOKH,) 

What  happens  to  the  torn  edges  of  those  disrupted  surfaces0  Could  one  simple  urn.**-.  a\ 
cquipoienual0  (Physically.  the  idea  seems  nonsensical  -  but  we'll  ignore  that  \  lopolugkalU  rerr.  or> 
potential  shells  would  seem  equivalent  to  creating  dipole  pairs  of  charge  Sn  nuking  charges  ^ur  i  <n.< 
topology"  provided  that  (i)  they’re  made  in  pairs  and  (ill  thev  carr>  charge  fields  like  tfu  bed*  “  arm 
from  lo  the  extent  that  thaigcs  represents  abbreviated  topolog),  of.,  would  certainly  cope  t  :•  s  .  * 
charges  never  vanish. 

Can  we  pursue  this  down  to  the  very  lattice  elements0  Mechanism  lb  argues  that  a  "unit  vt  t  .*  su*‘i  ‘ 
abbreviate  the  surface  normal  of  the  collapsing  field.  But  at  lattice  resolution  there  are  no  unit  *c  i.a< 
microscopic  collisions  between  axis-parallel  "field-surface  polygons"  lhcse  have  three  a>*  s.mn  cu.  .Usv 
each  *ith  eight  different  signed  ways  that  dihcdial  edges  can  meet  surfaces  (and  other  uj,  t  -  .  e  «: 

edges  to  collide)  Abbreviating  any  such  event  replaces  some  local  field  configuration  bv  v  rv  ■* 

oriented  A(xisKXbjccl). 

hach  such  sub-elementary  event  creates  a  pair  of  these  AO  s,  and  each  must  soon  be  joined  b.  *•?  *  v 

other  axes  -  but  those  may  be  quite  far  away,  depending  on  the  field  s  direction  cosines  V  * 
scarccty  imagine  creating  an  observable  particle  from  a  single  AO  -  with  its  single  ax  o  vj>.r  r  ■  ^  f  \.m 

better  to  wait  until  enough  AO's  combine  to  make  a  "genuine"  momentum  vector  How  might  tv  .  v 
find  their  complements0  Ihc  simplest  scheme  would  keep  each  AO  attached  to  its  disrupted  v  1  <. 
propelled  b>  unbalanced  ghotons  until  another  is  encountered,  then  a  "2/3  AO"  is  formed  I*  tw<  sik 
one  axis  will  be  twice  represented  **  so  the  two  of  them  must  wait  to  cancel  with  an  apprepruu  i  .  ■  •  ‘ •> 
and  so  forth  Of  course  (hat  "so  forth"  is  pure  bluff,  I’ve  said  too  muih  alrcadv.  and  rejl  ph  >iv  is  *  » 

of  better  reasons  why  and  how  sub-elementary  particles  must  be  bound  by  unobservabK  Urge  fort  *s 

IV. .  SUMMARY  AND  CONCLUSION 

We  started  with  the  idea  that  in  a  cellular  array,  no  field  can  work  at  lightspccd  eucpi  wi  r  h 
information  codes.  We  found  that  to  approximate  a  Coulomb  field  needs  something  like  an  exj  angc  r  *•.; 
finally  we  saw  that  "Base-2"  things  with  "rest  mass"  must  emerge  from  suitably  intense  odes  ius?  c 
conserve  information  before  it's  squeezed  to  death.  So,  starting  with  a  simple,  finite  field  idea,  we  ended  witt 
a  cluttered  world  of  sluggish,  complicated  objects  with  queer  interactions,  internal  structures  eu  lusior*  rules 
and  short  range  forces. 

Conservation  also  caused  "uncertainty"  to  invade  our  simple  world,  because  the  local  finitcnc's  requires  that 
all  infonnation  be  dispersed,  lo  make  fast  interaction  possible  at  all.  and  conservation  too  something  rnusi 
keep  the  books  and  we  proposed  a  complicated  system  of  "events",  "receipts"  and  ’Vsiun  lies'  \u  ih.  s 
much  simpler  schemes  that  pci  mu  both  exact  conservation  and  lightspccd  miciaction?  I  Ik  pus.  m  v  V  n.  v 
ili1  nigh  incomplete.  seem  too  complex  ahead). 
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|13:  Energy).  The  surfacc-ghoton  impact  rate  is  proportional  to  the  field's  potential  energy  density.  (The 
impact  rate  per  surface  element  is  proportional  to  field  intensity,  and  so  is  the  number  of  surface  elements  per 
unit  volume.  Hence  the  impact  density  scales  with  energy.)  Ihis  could  produce  a  space  curvature 
proportional  to  energy  **  if  every  ghoton-photon  event  caused  the  photon  to  hesitate  for  a  moment!  Could 
some  analogous  processes  yield  spacetime  curvature? 

1 14:  Events).  It  certainly  seems  unlikely  that  there  is  any  way  to  define  deterministic  "events"  to  be  consistent 
with  quantum  facts.  (Some  might  prefer  alternatives  with  no  "events”  at  all,  as  in  a  quantum  theory  with 
amplitudes  but  no  probabilities,  but  then  we  must  suffer  the  dreadful  spectre  of  Schrodinger's  cal.)  Perhaps  it 
might  still  be  possible  to  approximate  the  standard  view  (in  which  "observations"  replace  mixed  states  by 
pure  states)  in  discrete  models  with  symmetrical  past-future  state-change  rules  -*  i.c.,  with  bidirectional 
causality.  The  basis  of  this  thin  conjecture  is  just  that  this  permits  global  constraints  to  hold  in  spacetime 
regardless  of  lightspeed  limits,  hence  opens  again  the  hidden  variable  problem. 

It  might  be  worth  exploring  "discrete  phase”  models  in  which  states  can  cycle  through  some  large  but  finite 
group  of  phases.  Then  one  should  obtain  some  "all  possible  paths"  phenomena,  and  interesting  kinds  of 
interference.  A  remarkably  simple  example  of  such  an  array,  that  can  "self- reproduce"  arbitrary  spatial 
patterns  at  remote  locations,  was  discovered  by  Fredkin  and  described  in  (Ref.  4]. 

(15:  Reversibility).  That  is,  unless  the  basic  state  rules  themselves  arc  reversible.  Fredkin  has  shown  local 
umc- reversibility  to  be  compatible  with  many  cellular  array  computations,  and  it  would  certainly  seem  of 
physical  interest  to  consider  time-reversible  vacuum-state  rules,  for  in  some  sense  they  would  conserve 
everything.  (Ref.  5). 
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